Transjugular intrahepatic portosystemic shunting (TIPS) is an effective treatment modality for refractory variceal bleeding and ascites in patients with cirrhotic portal hypertension (CPH). Variceal rebleeding and shunt dysfunction are major post-TIPS morbidities. This study aimed to retrospectively evaluate the effectiveness and safety of use of concomitant variceal embolization and prophylactic antiplatelet/anticoagulative in patients with CPH undergoing TIPS. Between October 2006 and October 2011, 182 patients with CPH were retrospectively and consecutively hospitalized for elective TIPS with Fluency stenting. Concomitant variceal embolization was given after establishing the shunt. Subcutaneous heparin was given after TIPS and replaced by oral clopidogrel, aspirin, or warfarin for at least 6 months. Main outcome measures included shunt patency rate, recurrence of CPH (rebleeding and/or refractory ascites), hepatic encephalopathy (HE) frequency, and post-TIPS survival. The cumulative primary patency rate was 96%, 94%, 90%, 88%, and 88% at 6, 12, 24, 36, and 48 months, respectively. Shunt stenosis occurred in 16 (9%) patients, gastrointestinal (GI) rebleeding in 32 (17.5%) patients, recurrence of refractory ascites 44 (48%) patients, HE in 42 (23%) patients, and death in 36 (20%) patients during the follow-up period. Use of concomitant variceal embolization and prophylactic antiplatelet/anticoagulative was associated with a favorable shunt patency and a low risk of GI rebleeding.
Introduction
Liver cirrhosis (LC) is a common public health concern worldwide and occurs frequently in the East Asian population due to a high prevalence of chronic hepatitis B and C infection. [1] LC results in 300,000 deaths per year as the sixth leading cause of death in China. [2] In addition to liver dysfunction, cirrhotic portal hypertension (CPH) is the major complication of LC, which mainly contributes to esophagogastric varices and bleeding (EGVB) and refractory ascites. [2] As a serious complication, EGVB is usually controlled by medical and/or endoscopic treatment, but these 2 modalities are associated with a high risk of recurrent bleeding. [3] Ascites refractory to medical intervention may also cause more serious complications and require a more aggressive intervention.
Since performance of the first successful endovascular procedure in 1988, [4] transjugular intrahepatic portosystemic shunting (TIPS) has been widely applied for treating CPH refractory to medical and/or endoscopic treatment, and this approach is usually regarded as a bridging treatment to liver transplantation due to the high risk of post-TIPS hepatic encephalopathy (HE). [5] In addition to worsened gut-derived hyperammonemia, shunt stenosis, and stricture usually occur in approximately 50% of patients 0.5 to 1 year after TIPS and lead to recurrence of variceal bleeding and refractory ascites. [6] Use of covered stent, such as Fluency with polytetrafluoroethylene, is reported to improve the patency rate with a favorable safety profile. [7, 8] Similar to but with a greater hemostatic effect as compared to ligation and sclerotherapy, concomitant variceal embolization is an effective treatment modality to control acute EGVB in patients with CPH. [9] Previous studies suggested that TIPS combined with variceal embolization significantly reduce the risk of variceal bleeding as compared to TIPS without embolization. [10] Shunt failure in vascular intervention practice, especially in early-onset cases, mainly results from in-stent thrombosis; use of prophylactic antiplatelet/ anticoagulative may help improve the stent patency but be subject to a high risk of bleeding. In percutaneous coronary intervention (PCI), use of polymer-free, drug-coated stent followed by a short-course antiplatelet therapy showed a favorable efficacy and safety profile. [11] The primary objective of this study was to retrospectively evaluate the effectiveness and safety of use of concomitant variceal embolization and prophylactic antiplatelet/anticoagulative in patients with CPH undergoing TIPS with a covered stent.
Materials and methods

Patients
Two hundred forty-six patients with CPH, who were consecutively hospitalized for elective or emergency TIPS at our Center for Liver Disease between October 2006 and October 2011, were included in this retrospective study (Fig. 1) . The indications for TIPS were as follows: diagnosis of CPH; acute or recurrent EGVB, ascites or pleural effusion refractory to medical (unresponsive to high-dose diuretics and sodium restriction), and/or endoscopic intervention; a liver function reserve of ChildPugh class B or C; and planned for liver transplantation. The contraindications were as follows: with complicating serious cardiopulmonary impairment; moderate or severe pulmonary hypertension (>35 mm Hg); serious organic renal insufficiency; refractory HE; multiple liver cysts; portal thrombosis or tumor thrombosis on the planned puncture access; portal cavernoma; a tumor located in proximity to the proposed puncture track; serious biliary obstruction; uncontrollable sepsis; or serious coagulopathy. Supportive treatment included restriction of dietary protein intake, rehydration, transfusion, and albumin supplementation. All patients or their legal representatives voluntarily gave written informed consent before undergoing TIPS.
Transjugular intrahepatic portosystemic shunting and concomitant variceal embolization
The anatomy of the liver and the portal and hepatic veins was examined using ultrasonography (Philips Medical Systems, Bothell, WA), 256-detector computed tomography (Brilliance iCT; Philips Medical Systems, Best, The Netherlands), and 1.5-T ultraconductive magnetic resonance imaging (Siemens Healthcare, Munich, Germany). The patient was positioned supine with the head turned toward the left side, with the heart rate, blood pressure, and saturation of peripheral oxygen continuously monitored. Under local anesthesia with 2% lidocaine, the right internal jugular vein was punctured at the midpoint on the lateral margin of the sternocleidomastoid muscle or 2 to 2.5 cm below the mandibular angle.
The puncture needle (Cook Medical, Bloomington, IN) was inserted at an angle of 30°to 45°and a depth of 3 to 5 cm. A superslippery guide wire was advanced into the inferior vena cava, and the puncture access was dilated using a 10 F sheath dilator (Cook Medical). A Rosch-Uchida transjugular liver access set (Cook Medical) was selectively introduced into the right or left hepatic vein, and the puncture needle tip was adjusted to establish a shunt in connection with the portal vein (PV). Alternatively, the puncture needle was advanced into the retrohepatic inferior vena cava in proximity to the secondary hilum to insert the shunt into the PV if the hepatic vein was disorientated or obstructed by the fibrotic tissue shown on digital subtraction angiography (Siemens Healthcare) with 300 mg/mL iohexol (Yangtze River Pharmaceutical Group, Suzhou, China). Contrast radiography was repeated to confirm shunt patency, variceal embolization, positioning of the stent, requirement of an additional bare stent, and portal inflow. A 0.035i super-slippery guide wire (Terumo Corporation, Tokyo, Japan) was advanced through the main trunk of the PV to guide a 5 F Cobra angiographic catheter (Terumo Corporation) into the splenic or superior mesenteric vein for patients who had undergone splenectomy.
The varices of the gastric coronary vein, short veins, and esophageal veins were embolized using 3 to 12-mm coils (Cook Medical) and a gelatine sponge released through a 0.035i superrigid exchange guide wire (Bard Medical, Covington, GA). The portohepatic shunt was dilated using a 6 to 8-mm balloon dilator (Bard Medical), and the 8 to 9 F Fluency self-expandable, endovascular, ultrathin expanded PTFE-covered NiTi alloy stent with a 2-mm bare part on both ends was deployed in the shunt. The Fluency stents were 6 to 10 mm in diameter (n = 172; 6 mm, n = 2; 7 mm, n = 13; 8 mm, n = 130; 10 mm, n = 27), at a length of 60 to 80 mm after expansion; the stent size was mainly selected based on the patient's body mass index and hepatic venous pressure gradient and were in length. Metallic bare stents at a length of 40 to 80 mm (n = 19; 6 mm, n = 2; 7 mm, n = 3; 8 mm, n = 8; 10 mm, n = 6) were also placed in the case of a long shunt. The PV pressure was recorded in mm Hg before and after shunting.
Antiplatelet/anticoagulative and follow-up
Subcutaneous injection of 4250-U low-molecular-weight heparin sodium was given every 12 h for 7 consecutive days and replaced Patients were closely followed up at outpatient clinics 1, 3, 6, 12, 24, 36, and 48 months after TIPS using routine hematologic, clinical biochemistry, and coagulation function tests as well as upper gastrointestinal endoscopy, Doppler ultrasonography, computed tomography, magnetic resonance imaging, and digital subtraction angiography.
Main outcome measures and definitions
Main outcome measures included shunt patency rate, portal hypertension recurrence, HE frequency, and post-TIPS survival. The presence of shunt stenosis was suspected if the maximum shunt blood flow rate was <50 cm/s or the shunt diameter was <50%; the PV blood flow rate was <20 cm/s; the portosystemic gradient (PSG) was >11.8 mm Hg [12] ; or portal hypertension recurred. [13] Shunt revision was done, if shunt stenosis was confirmed on contrast angiography, using balloon dilation and/ or second-look stenting. Recurrence of portal hypertension was defined as post-TIPS re-emergence of EGVB and/or refractory ascites. HE was staged according to the West-Haven criteria. [14] Post-TIPS survival analyses included progression to primary hepatocellular carcinoma, receipt of liver transplantation, death, and loss to follow-up (failing to attend 2 consecutive scheduled visits).
Statistical analysis
The SPSS 17.0 statistical software package (SPSS Inc, Chicago, IL) was used for statistical analysis. All continuous data were expressed as mean ± standard deviation, and the means were compared using the paired Student t test. All categorical data were expressed as count (percentage) and compared using the Fisher exact probability test. Cumulative shunt patency rate, HE frequency, and survival data were analyzed using the KaplanMeier method. A 2-sided P value <.05 was considered statistically significant.
Results
Clinical and operative data
Out of 246 patients with CPH, 182 patients underwent TIPS with Fluency stenting. The other 64 patients, who were unsuitable for or rejected TIPS, received medical and/or endoscopic intervention; 44 patients died of recurrent bleeding (n = 26) or liver failure (n = 18); and the other 20 patients were lost to follow-up. Clinical and operative data for patients with CPH undergoing TIPS (n = 182) are shown in Table 1 . Emergency TIPS was performed in 20 (11%) patients due to a first-time massive EGVB. TIPS with Fluency stenting was successfully completed in a single attempt in all patients, involving the right PV branch in 158 patients and the left PV branch in 24 patients.
Post-transjugular intrahepatic portosystemic shunting hemodynamic changes
Hemodynamic results are shown in Table 2 . PV pressure and PSG significantly decreased immediately after TIPS (both P < .001). The caliber of the PV and the splenic vein (SP) also decreased significantly, accompanied by a significant increase in PV main trunk blood flow velocity (all P < .001).
Shunt patency
The cumulative primary patency rate was 96%, 94%, 90%, 88%, and 88% at 6, 12, 24, 36, and 48 months, respectively (Fig. 2) . During the follow-up period, 17 (9%) patients Table 1 Clinical and operative data of patients with cirrhotic portal hypertension (n = 182).
Variables n = 182
Age, yr, mean ± SD 58. experienced shunt stenosis and obstruction at a mean time of 13.2 ± 8.0 months after TIPS and as early as postoperative day 10 due to shunt thrombosis. Chief manifestations were recurrence of pre-existing CPH-associated symptoms, including melena (n = 7), hematemesis (n = 4), and ascites (n = 6). Repeated PV contrast angiography identified in-stent thrombosis (n = 7) and stent capping by the venous wall (n = 10). Shunt stenosis resolved after balloon dilation in 14 patients, whereas additional stenting was performed in 1 patient and second-look stenting in the other PV branch was performed in 1 patient due to a sharp stent angulation. The overall primary patency rate was 91%, and the secondary patency rate was 99%. The risk of shunt stenosis was not significantly correlated with the baseline Child-Pugh classification (class A vs B vs C, 18% vs 16% vs 20%, P > .05). Clopidogrel was given to 95 (52%) patients, aspirin to 64 (35%) patients, and warfarin 9 (5%) patients; no anticoagulative or antiplatelet therapy was given in 14 (8%) patients. As compared to no medication, use of antiplatelet/anticoagulative therapy significantly decreased the risk of stent stenosis [10% (17/168) vs 36% (5/14), P = .005]. Moreover, the frequency of shunt stenosis was similar among patients having received clopidogrel, aspirin, or warfarin [12% (11/95) vs 9% (6/64) vs 0% (0/9), P = .529].
Portal hypertension recurrence
Data for recurrence of gastrointestinal bleeding (32/182, 17.5%) are shown in Table 3 . Seven patients had early recurrence (<3 months after TIPS) without shunt stenosis, in whom rebleeding was successfully controlled with medication (discontinuation of anticoagulative and antiplatelet therapy and use of proton pump inhibitor). Twenty-five patients had late recurrence (≥3 months after TIPS), 15 out of whom had variceal rebleeding; 10 patients with EGVB underwent second-look stenting, whereas 5 patients rejected further treatment, resulting in 3 cases of deaths and 2 cases of recurrent bleeding. Pre-existing refractory ascites (n = 23) dissolved within 1 week after TIPS in 7 (30%) patients, resolved within 1 to 2 weeks in 15 (65%) patients, and remained unchanged in 1 (4%) patient. Among 68 patients who had variceal bleeding with complicating mild/moderate ascites, ascites dissolved in 15 (22%) patients within 2 weeks, resolved in 46 (71%) patients, and remained unchanged in 7 (10%) patients. Refractory ascites recurred in 48% (44/91) of patients due to liver function decompensation or shunt dysfunction.
Post-transjugular intrahepatic portosystemic shunting hepatic encephalopathy and survival data
Overall HE occurred in 42 (23%) patients after TIPS (Table 4 ; Fig. 3A) . Stage I/II HE (n = 23) significantly resolved after restriction of dietary protein intake and medication with oral lactulose; stage III/IV HE (n = 19) resolved in 7 patients after supportive treatment but progressed to liver failure and death in 12 patients without shunt stenosis. Use of a 10-mm vs 8-mm stent (10 mm vs 8 mm, 30% vs 23%) and a shunt access to the right vs left PV branch (24% vs 17%) were associated with a significantly higher risk of HE (both P < .01). Patients with a baseline model for end-stage liver disease score of 30 to 40 or ≥40 had a significantly higher risk of HE than those with scores of <20 and Table 2 Post-transjugular intrahepatic portosystemic shunting hemodynamic changes (mean ± standard deviation). Figure 2 . The Kaplan-Meier curve for cumulative primary patency rate. Table 3 Time and source of gastrointestinal rebleeding (n = 32).
Time (n) Source (n)
Within 1 month (2) Mallory-Weiss syndrome (2) Within 3 months (5) Hemorrhoid (2) Peptic ulcer (3) After 3 months (25) EGVB with shunt stenosis (11) EGVB without shunt stenosis (4) Peptic ulcer (6) Erosive gastritis (4) EGVB = esophagogastric varices and bleeding. Table 4 Post-transjugular intrahepatic portosystemic shunting hepatic encephalopathy and survival data. Fig. 3B ).
HE n (%)
Discussion
As the major limitation of TIPS, shunt dysfunction mainly results from in-stent stenosis and manifests as variceal rebleeding and reemergence of refractory ascites. Use of a covered stent graft is known to improve the shunt patency and decrease the risk of TIPS dysfunction [2-year, 44%; risk ratio 0.60, 95% confidence interval (CI, 0.38,0.96)], without increasing the risk of HE [0.89 (0.53-1.49)] or mortality (70% vs 67.5%), as compared to that of a bare stent (63.6%). [6] Concomitant embolization of portosystemic collateral vein, such as the coronary vein, also helps prevent shunt dysfunction (96.2% vs 82.0%, P = .019) and variceal rebleeding within the first 6 months after TIPS (96.2% vs 82.0%, P = .019). [10, 15] Moreover, antiplatelet and/or anticoagulative therapy has a controversial role in prevention of TIPS dysfunction although this prophylactic regimen has a welldocumented efficacy and safety profile in the practice of PCI. [11, 16] To the best of our knowledge, this study was the first report regarding evaluation of concomitant variceal embolization and antiplatelet/anticoagulative therapy in unselected patients with CPH undergoing TIPS.
A PSG <11.8 mm Hg is associated with a significantly lower risk of recurrent variceal bleeding. [12] In addition, TIPS is associated with a short-term (<3 months) increase in cardiac output and venous backflow in proportion to shunt caliber, which may aggravate underlying pulmonary hypertension and/or congestive heart failure. [17] In our patients, PV pressure, PSG, and PV and SP caliber decreased significantly after TIPS with 8-or 10-mm Fluency stenting, with favorable therapeutic effects on controlling refractory EGVB and bleeding and minimal cardiopulmonary adverse events.
Shunt patency depends on multiple factors, including patient characteristics, stent size, covered graft, and operator's expertise. [18] Wu et al [19] reported in 114 patients with CPH that Fluency stenting resulted in a mean portal venous pressure reduction from 2.499 ± 0.588 to 1.764 ± 0.294 cm Hg, with patency rates of 86.7% and 75.2% at 1 and 2 years, respectively. A single-center randomized trial further showed that the cumulative stenosis rates with a 8-mm covered Fluency stent were 6.9%, 11.5%, 19.1%, 26.0%, and 35.9% at 1, 2, 3, 4, and 5 years, with significantly higher restenosis rates in patients with bare stents at these time points (27.6%, 37.0%, 49.6%, 59.8%, and 74.8%, respectively). [20] In contrast, the cumulative stenosis frequency of stent at a variable size was relatively lower in our cohort (6%, 10%, 12%, and 12% at 1, 2, 3, and years, respectively). Moreover, our results showed that pre-existing liver function impairment was not predictive of the long-term shunt stenosis.
Combination of variceal embolization can control rebleeding from collateral vessels in patients with CPH. Chen et al [10] reported that TIPS with coronary vein embolization (n = 54) was associated with a higher primary shunt patency rate than TIPS without embolization (n = 52) at 6 months (96.2% vs 82.0%, P = .019) but a lower risk of recurrent bleeding (5.7% vs 20.0%, P = .029), although this advantage was not observed afterwards. However, a meta-analysis showed that TIPS with variceal embolization could not reduce shunt dysfunction [odds ratio (OR) 1.26, 95% CI 0.76-2.08, P = .38], encephalopathy (OR 0.81, 95% CI 0.46-1.43, P = .47), and death (OR 0.90, 95% CI 0.55-1.47, P = .68), but could significantly decrease the risk of variceal rebleeding (OR 2.02, 95% CI 1.29-3.17, P = .002). [21] Well-designed randomized, controlled trials with adequate statistical power are needed to warrant this finding especially when a covered stent is used.
Use of a covered stent can reduce shunt dysfunction; however, polymer coverage mainly inhibits in-stent pseudointimal hyperplasia at a late stage rather than hepatic or PV thrombosis at an early stage. [22, 23] In-stent thrombosis is a clinically significant event possibly causing shunt dysfunction and requiring a second-look intervention, although it occurred at a low frequency (4%) in our cohort. In the practice of PCI, long-term dual antiplatelet therapy with or without anticoagulation is evidenced to decrease the risk of stent failure. [24] Our preliminary results showed that use of antiplatelet/ anticoagulative therapy significantly decreased the risk of shunt stenosis, regardless of the prophylactic regimen, as compared to no medication. It should be borne in mind that the patients having received no medication were not comparable to those having received as the former had a lower platelet count and/or a prolonged INR. However, this finding along with previous literature regarding percutaneous coronary stenting encourages validation of the effectiveness of additional antiplatelet/ anticoagulative therapy in patients with CPH undergoing TIPS. Variceal rebleeding and/or refractory ascites can recur due to shunt dysfunction and/or liver disease progression and in a close association with the endpoint events, including death and liver transplantation. Frequency of variceal bleeding significantly varied among previous reports. Risk factors include patient characteristics (especially underlying liver condition), stent-graft coverage and size, time of performing TIPS, and technical expertise. Sauerbruch et al [25] inserted 8-mm covered stent into 90 patients with CPH, the great majority of whom had a liver function reserve of child class A or B, with 7% experiencing rebleeding within 2 years, as compared to 26% in patients receiving medical treatment alone (P = .002). García-Pagán et al [26] reported a 1-year actuarial probability of rebleeding at 3% in decompensated patients with CPH after early use of TIPS with a covered stent as compared to 50% in patients on pharmacotherapy with banding (P < .001). In a recently published multicenter randomized trial, a 0% proportion of patients in the TIPS group had variceal rebleeding within a median follow-up of 23 months. [27] In our cohort, the proportion of patients experiencing gastrointestinal rebleeding was relatively higher (17.5%); however, variceal rebleeding with or without shunt stenosis accounted approximately 50% of rebleeding patients and mainly occurred 3 months after TIPS. Early and nonvariceal rebleeding in our cohort might be associated with prophylactic use of antiplatelet/ anticoagulative therapy as evidenced by resolution after medication withdrawal. Similar to the practice of PCI, the benefit and risk of prophylactic antiplatelet/anticoagulative therapy needs to be balanced in further controlled clinical trials.
TIPS is superior to paracentesis in controlling ascites (recurrence rate, 42% vs 89%) and delaying the need for liver transplantation. [28] TIPS with covered stenting can significantly improve the survival of patients with refractory ascites as compared to that with bare stenting. [29] Our results showed that TIPS with Fluency stenting was effective at controlling refractory ascites and ascites with complicating EGVB. A relatively greater proportion (48%) of patients had post-TIPS recurrence of refractory ascites than those in previous reports (Narahara et al, [30] 13.3%; Riggio et al, [31] 8/10-mm, 60%/7%; Henderson et al, [32] 33%). Recurrence of refractory ascites shares risk factors with post-TIPS rebleeding. The variation in frequency of refractory ascites recurrence could be attributed to heterogeneity in patient characteristics and stenting technique.
HE is the most serious complication secondary to TIPS with an incidence rate of 20% to 30% mainly due to gut-derived neurotoxin bypass and progressive deterioration of pre-existing liver insufficiency. [33] TIPS is reported to increase the risk of early (within 1 year) HE occurrence rather than that in the long term as compared to medical intervention alone. [27] Our results showed that mild HE usually occurs as transient controllable events within 3 months of TIPS, whereas moderate or severe HE normally emerges as refractory morbidities 6 to 12 months after TIPS with a poor prognosis mainly due to liver disease progression. A larger shunt size (stent caliber) was shown to be associated with a significantly higher risk of HE after TIPS, consistent with previous reports. [34, 35] The PV left branch is normally used as TIPS access for its lower procedural risk, better patency, and reduced post-TIPS HE. [36, 37] Underlying liver function reserve and disease progression are also documented to be closely associated with the risk of post-TIPS HE occurrence and survival.
[38] Current clinical trial results demonstrated an insignificant benefit of TIPS over medical or endoscopic therapy for patients with decompensated CPH regardless of stent coverage or size, [25, 27, 30] although the former technique showed a validated clinical benefit in controlling variceal bleeding/ rebleeding and refractory ascites.
There were some limitations in this study. Firstly, as a retrospective study, the design of this study failed comparison between TIPS with concomitant variceal embolization and that without. Secondly, our results could not make a statically validated conclusion on use of prophylactic antiplatelet/anticoagulative therapy as a small proportion of patients with CPH received no prophylaxis due to the protocol-defined contraindications. Lastly, our patient cohort was highly heterogeneous in baseline characteristics, including pre-existing liver function reserve, concomitant coagulopathy, emergency versus elective TIPS, and shunt success versus failure, which might favor or disfavor TIPS efficacy and safety. However, this study reported the real-life outcomes of TIPS with concomitant variceal embolization and antiplatelet/anticoagulative prophylaxis in unselected decompensated patients with CPH.
In conclusion, additional variceal embolization in TIPS helped reduce the risk of variceal rebleeding in decompensated patients with CPH with bleeding from collateral vessels. Use of prophylactic antiplatelet/anticoagulative therapy, if cautiously given in patients with a platelet count above 30 Â 10 9 /L and/or an INR <2, showed a benefit in decreasing shunt stenosis, the major cause of shunt dysfunction which results in recurrent variceal bleeding and refractory ascites. Early medically controllable gastrointestinal bleeding was a major safety concern regarding antiplatelet/anticoagulative prophylaxis. Efficacy and safety of concomitant variceal embolization and antiplatelet/anticoagulative prophylaxis are further to be validated in randomized, controlled studies regarding unselected decompensated patients with CPH undergoing TIPS with a covered stent.
